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Introduction
The Port Phillip Bay Annual Trawl Sub-Program 
is described in the Channel Deepening Baywide 
Monitoring Programs Fish Stock and 
Recruitment Detailed Design - 
CDP_ENV_MD_14 Rev 3 (PoMC 2010). This 
sub-program undertakes an annual trawl survey 
of Port Phillip Bay (PPB) to monitor long term 
trends in biomass and abundance of common 
fish species. 
The objective of this sub-program is to detect 
interannual changes in the abundance of all 
common fish in Port Phillip Bay outside of 
expected variability. 
This Report 
This report summarises preliminary results for 
the 2010 annual trawl survey, including: 
• Statistical comparison of changes in biomass 
and abundance of four species between the 
periods 2008–10 and the background period 
2004–07 
• Estimates of mean fish biomass and 
abundance for the period 2004–2010 of 
seven common species (banjo ray, eastern 
shovelnose stingaree, globefish, sand 
flathead, snapper, sparsely spotted stingaree 
and spiny gurnard) for which there was 
high statistical power to detect changes in 
population biomass and abundance 
(Emphron 2009). 
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Materials and Methods
Details of the materials, methods and statistical 
analysis for this sub-program are described in the 
Detailed Design (PoMC 2010), DPI (2008) and 
Parry et al. (2009a). Additional methods not 
previously described are summarised in 
Appendix 1. 
During the 2010 annual trawl survey, fish were 
collected at 22 depth-stratified sites across four 
regions in PPB (Figure 1), between 15 and 19 
March 2010 (Table 1). 
The majority of fin-fish species and invertebrates 
collected in the 2010 trawl were identified in the 
field. Identifications for some species were 
confirmed in the laboratory. A full species list 
will be presented in Milestone Report #3. 
Statistical Analysis 
Statistical analysis of data was undertaken for 
four species (eastern shovelnose stingaree, sand 
flathead, sparsely spotted stingaree and spiny 
gurnard) according to the Detailed Design (2010), 
as follows: 
• Comparison of change in fish biomass and 
abundance for four common non-
aggregating species, eastern shovelnose 
stingaree, sand flathead, sparsely spotted 
stingaree and spiny gurnard. Biomass and 
abundance of these species were compared 
between the periods 2008–10 and the 
background period 2004–07 for intermediate 
and deep regions, or 2005–2007 for shallow 
and west regions. 
Statistical comparisons for shallow and west 
regions are based on data for the period 2005–07 
(i.e. n = 3 years) as trawl tows in 2004 at 7 m were 
undertaken using an incorrect cable length (i.e. 
25 m rather than 50 m). This resulted in a lower 
fishing efficiency at this depth.  Consequently, 
2004 data for shallow and west regions are 
excluded from all analyses conducted in this 
report.  
Exceptions 
Exceptions for this study period according to the 
Detailed Design (PoMC 2009) have been 
documented separately, and specifically relate to: 
• (ER2010-66)  Biomass and abundance of 
species collected in shallow and west regions 
compared with a background period of three 
rather than four years 
• (ER2010-66)  Invalid data for some 
sites/regions included in statistical analysis 
applied to key species in 2008 and 2009 
• (ER2010-66)  Late submission of draft 
Progress Report (No. 3) 
• (ER2010-68)  Low fishing efficiency for spiny 
gurnard in net #5 (newer net). 
These exceptions are unlikely to have changed 
the conclusions reached in this report. There 
were no significant field events observed or other 
QA/QC issues recorded during this reporting 
period. 
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Figure 1. Location of depth-stratified trawl survey sites in Port Phillip Bay. Sites classified as ‘Deep’, 
‘Intermediate’, ‘Shallow’ and ‘West’ are shown, and the areas of the Bay for which these sites are 
representative are shaded. 
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Results and Discussion
Tables and figures for periods 2004–07 and   
2008–10 are presented in Appendix 2. 
Biomass trends for the background period and 
2008–10 are shown for each species and region in 
Figures 2–5. Summary statistics for an additional 
three species: banjo ray, globefish and snapper, 
for the period 2004–2010 are displayed in Table 5.   
Statistical Analysis 
The biomass and abundance of the four key 
species fell within expected variability for all 
species and regions for the reporting period 
2008–10 compared with the background periods 
in the deep and intermediate regions and 2005-07 
for the shallow and west regions (see also 
Exceptions), other than a decline in:  :  
• sand flathead biomass and abundance in the 
deep and intermediate regions (Tables 4 & 5, 
Figure 2)  
• eastern shovelnose stingaree biomass in the 
west region (Tables 4 & 5, Figure 3).  
The significant decline in sand flathead 
abundance and biomass in the deep and 
intermediate regions is consistent with a long-
term decline observed in these regions. Analysis 
of covariance (ANCOVA) indicated that the rate 
of decline of sand flathead biomass and 
abundance was not significantly different 
between 2004–07 and 2008–10 in either the 
intermediate or deep regions (Figure 3; Table 6).  
Eastern shovelnose stingaree biomass, but not 
abundance, was significantly lower in the west 
region for the period 2008–10 compared with 
2005–07 (Tables 4 & 5, Figure 3), indicating that 
while mean biomass has declined the number of 
individuals caught was unchanged. Mean weight 
per individual declined from 1.47 kg to 1.04 kg 
between 2005–2007 and 2008–2010 (Figure 6). 
A similar pattern of decline was not detected for 
Eastern shovelnose stingaree populations in the 
shallow, intermediate or deep regions. 
Eastern shovelnose stingaree biomass in the west 
region was also significantly lower when the 
statistical tests were re-calculated for the periods 
2008 (P=0.017) and 2008–09 combined (P=0.009) 
(Table 7). Eastern shovelnose stingaree 
abundance was also significantly lower in 2008, 
but not for 2008–09 in the west region (Table 7). 
No other statistically significant differences in the 
west and shallow regions were detected 
following re-analysis of the data using the 
background period 2005–07.   
The west region comprises only two sites and is 
the least representative of the regions considered. 
Biomass estimates for eastern shovelnose 
stingaree in the west region are typically based 
on small numbers of fish per tow (<4) and 
standard errors are high (Figure 3). Statistical 
comparisons conducted within the west region 
have the lowest statistical power of the four 
regions considered (Emphron 2009). The low 
statistical power for this region means that only 
large changes in biomass and abundance can be 
detected. The statistical comparisons are capable 
of detecting changes in the range of 56% for 
biomass and 54% for abundance with 80% 
confidence (the statistical convention for power 
calculations) in the west region (Emphron 2009). 
Eastern shovelnose stingaree biomass was 69% 
lower in the period 2008-2010 compared with 
period 2005–2007, consistent with a significant 
change in biomass for this species. For the same 
period eastern shovelnose stingaree abundance 
was 56% lower. Reducing the background period 
from four to three years may reduce the 
statistical power of the tests and this is currently 
being investigated by Emphron Informatics. It 
should be noted that the power calculations 
undertaken by Emphron (2009) are based on 
comparison of a four-year period prior to and 
after a change, whereas the analyses undertaken 
here are based on a three-year period pre- and 
post-change. 
Eastern shovelnose stingaree biomass declined 
between the decades 1990–2000 and 2000–2010 by 
54% and 51% in the deep and intermediate 
regions, respectively (Figure 7). This decline 
corresponds with a strong change point in 2000 
for the deep (P=0.831) and intermediate (P=0.481) 
regions (Table 8). No change points were 
observed in the west and shallow regions.  
Eastern shovelnose stingaree biomass displayed 
greater inter-annual variation in the west than 
the other regions (shallow, intermediate and 
deep) over the period 1990–2010 (Figure 7). If the 
statistical test is expanded to encompass all of the 
data prior to 2008 (i.e. 1990–2007, excluding 
2003–04) the recent decline in eastern shovelnose 
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stingaree biomass (t1,16=-2.1; P=0.047), but not 
abundance (t1,16=-1.746; P=0.093), is still 
significant compared with the long-term trend 
for this region (Figure 7).  This result, and the 
finding of significant changes in 2008, 2008–09 
and 2008–10 all imply the change is real rather 
than a statistical artefact (i.e. type I statistical 
error).  
The cause of this decline is unclear and will be 
further considered in more detail in Milestone 
Report No. 3.  
Conclusions 
Changes in the biomass of fish in all regions of 
PPB for the period 2008–2010 were consistent 
with inter-annual variation and long-term trends 
observed over the period 1990–2010.  
Changes in sand flathead abundance and 
biomass in the deep and intermediate regions 
were outside of expected variability and reflect 
an on-going trend. With the exception of eastern 
shovelnose stingaree biomass in the west region, 
biomass and abundance of the other three species 
(eastern shovelnose stingaree, sparsely spotted 
stingaree and spiny gurnard) were within 
expected variability for the period 2008–10. The 
implications of lower catches of eastern 
shovelnose stingaree in the west region will be 
discussed in more detail in Milestone Report No. 
3. 
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Appendix 1 Materials and Methods 
Materials, methods and statistical analysis for 
this sub-program are described in PoMC (2010), 
DPI (2008) and Parry et al. (2008, 2009a).  
The reliability of temporal trends in fish 
abundance depends upon using equivalent 
methods each year and, where changes are 
unavoidable, making corrections for these.  
Field methods 
Differences in the length, duration, speed and 
number of trawl tows between years are 
summarised in Table 1 for all annual trawl 
surveys undertaken by Department of Primary 
Industries (DPI) in PPB for the period 2004–
2010. 
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Appendix 2 Results 
Table 1. Annual differences in timing, vessel used, length of trawl shot, tow duration, tow speed and 
total number of tows undertaken by DPI during annual PPB trawl surveys (2004–2010).  
Year Date Vessel Tow length (m) 
Tow 
duration 
(sec) 
Tow speed 
(Knots) 
No. of 
tows 
      Mean SE Mean SE Mean SE   
2004 15–19 Mar Castella Rosa 482 5.2 300 0 3.1 0.03 44 
2005 28 Feb–4 Mar Castella Rosa 515 3.2 300 0 3.3 0.02 44 
2006 27–31 Mar Castella Rosa 484 4.3 301 1.4 3.1 0.03 43 
2007 5–9 Mar Castella Rosa 470 4.1 300 0 3.1 0.03 44 
2008 4–8 Mar Castella Rosa 479 4.3 300 0 3.1 0.03 44 
2009 16–20 Mar Western Alliance 506 2.2 300 0 3.3 0.01 44 
2010 15–19 Mar Western Alliance 515 5.2 300 0 3.2 0.02 44 
Mean   493 4.1 300 0.2 3.2 0.02  
 
Correction for differences 
between nets 
Net efficiency characteristics were compared as 
described in DPI (2008), to ensure that temporal 
trends do not result from variation in net 
efficiency (Tables 2–3).  
Corrections for net efficiency were only: 
• Undertaken where there was strong 
evidence that a species or group of species 
were caught less efficiently in one net. 
Corrections were not applied: 
• Where the number of paired tows was small 
(i.e. N<11), unless there was evidence that a 
group of species, with similar vulnerability 
to being captured, had low catches in the 
same net (e.g. 2008 survey) 
• If the overall gradient for all species was 
near 1.  
Corrections were applied to: 
• All non-aggregating species in 2008 (Table 
2) 
• spiny gurnard and sand flathead in 2009 
(Table 2) 
• spiny gurnard in 2010. 
During 2010, nets 4 and 5 had similar catches for 
non-aggregating species (Table 2). One clear 
exception, spiny gurnard, was caught at 68% 
efficiency in net 5 relative to net 4 (Table 2). A 
correction factor of 1.47 (1/0.68) was applied to 
catches of spiny gurnard in net 5 to adjust for 
variation in net efficiency between nets.  
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Table 2. Comparison of net efficiencies (measured as type 2 regressions slopes through zero) based on comparisons of catches of non-aggregating 
species for paired tows where both nets were used at the same site, between 2004 and 2010. Shaded regions indicate net pairs that differed sufficiently 
for a correction to be applied* (N, number of paired tows; grad, gradient of type 2 regression through zero; a gradient of 1 indicates both nets are 
fishing equally). 
Species Net 4 v Net 3   Net 5 vs Net 4 
  2004   2005   2006   2007   2008   2009  2010 
    grad N   grad N   grad N   grad N   grad N   grad N   grad N 
                      
Greenback flounder  0.72 3  1.28 7  2.16 4  . 4  0.32 13  0.72 12  0.98 13 
Longsnouted flounder  . 2  0.63 4  0.93 4  0.63 3  0.80 7  1.49 11  1.58 8 
Spiny gurnard  0.70 6  1.58 11  1.37 13  0.56 8  0.42 20  0.74 21  0.68 20 
Eastern shovelnose stingaree  0.30 5  1.43 9  1.86 12  0.69 7  0.82 17  1.07 19  1.16 18 
Sparsely spotted stingaree  1.28 6  1.07 11  1.24 13  0.54 10  0.71 21  0.97 22  0.82 21 
Sand flathead  0.88 6  1.02 11  1.10 13  1.06 10  0.67 21  0.76 22  0.94 22 
Yank flathead  1.81 6  0.99 10  1.01 13  0.69 8  0.81 20  1.06 21  0.79 21 
Common gurnard perch  . 2  0.60 5  . 1  . 2  1.00 3  . 9  0.91 8 
Balmain bug  1.21 2  1.88 7  0.67 5  3.41 6  0.69 12  0.98 11  1.00 11 
                       
All above species  0.92 38  1.05 75  1.11 78  0.97 58  0.65 134  0.83 148  0.90 142 
Number of sites where both nets 
used   6   11   13   10   22   22   22 
Net used for most tows in each year  Net 3   Net 3   Net 3   Net 4   Equal   Equal   Equal  
                                            
* Criteria for correction described on p. 7 
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Table 3. Analysis of changes in biomass [log10 (kg + 0.01)] in four regions of PPB between 2004–07 and 
2008–10. Statistically significant values (P<0.05) are shown in bold. T-values indicate where biomass 
was higher (+) or lower (-) in 2008–10 compared with 2004–07.  
Species Region Est** SE df t P 
              
Eastern shovelnose stingaree Shallow* 0.365 0.202 64 1.61 0.1112 
 Intermediate 0.211 0.184 108 1.15 0.2546 
 Deep 0.074 0.159 126 0.47 0.6400 
 West* -0.663 0.262 16 -3.10 0.0069 
Sand Flathead Shallow* -0.130 0.191 64 -1.48 0.1431 
 Intermediate -0.471 0.159 108 -2.97 0.0037 
 Deep -0.553 0.109 126 -5.06 <0.0001 
 West* -0.007 0.274 16 -0.89 0.3890 
Sparsely-spotted Stingaree Shallow* 0.242 0.188 64 0.10 0.9220 
 Intermediate -0.169 0.173 108 -0.98 0.3304 
 Deep -0.056 0.160 126 -0.35 0.7280 
 West* -0.360 0.311 16 -1.25 0.2285 
Spiny Gurnard Shallow* 0.0503 0.042 64 1.04 0.3041 
 Intermediate -0.037 0.070 108 -0.53 0.5954 
 Deep 0.003 0.052 126 0.06 0.9531 
 West* 0.031 0.072 16 0.43 0.6714 
* Calculations for shallow and west regions are based on 2005–07 data only. 2003–04 data omitted due to 
incorrect cable length at 7 m (see Materials and Methods) 
** Variance estimates are based on mixed-effects statistical model using 1990–2010 data 
 PPB Trawl_Prog. Rep. No. 3_27May10_Final.doc 
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Table 4. Analysis of changes in abundance [log10 (number + 1)] in four regions of PPB between 2004–07 
and 2008–10. Statistically significant values (P<0.05) are shown in bold. T-values indicate where 
abundance was higher (+) or lower (-) in 2008–10 compared with 2004–07. 
Species Region Est** SE df t P 
              
Eastern shovelnose stingaree Shallow* 0.150 0.215 64 0.00 0.9966 
 Intermediate 0.329 0.204 108 1.61 0.1092 
 Deep -0.035 0.122 126 -0.29 0.7756 
 West* -0.318 0.269 16 -2.05 0.0570 
Sand Flathead Shallow* -0.193 0.283 64 -1.58 0.1180 
 Intermediate -0.617 0.196 108 -3.15 0.0021 
 Deep -0.643 0.120 126 -5.35 <0.0001 
 West* 0.048 0.378 16 -0.83 0.4174 
Sparsely-spotted Stingaree Shallow* 0.192 0.203 64 -0.28 0.7778 
 Intermediate -0.219 0.218 108 -1.00 0.3178 
 Deep -0.085 0.194 126 -0.44 0.6611 
 West* -0.327 0.414 16 -0.82 0.423 
Spiny Gurnard Shallow* 0.296 0.253 64 0.82 0.4167 
 Intermediate -0.074 0.213 108 -0.35 0.7294 
 Deep 0.057 0.170 126 0.34 0.7354 
 West* 0.282 0.389 16 0.71 0.4850 
* Calculations for shallow and west regions are based on 2005–07 data only. 2003–2004 data omitted due 
to incorrect cable length at 7 m (see Materials and Methods) 
** Variance estimates are based on mixed-effects statistical model using 1990–2010 data 
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Figure 2. Mean (± se) biomass of sand flathead in each region for years 2004–07 and 2008–10.  
Note, 2004 data for shallow and west regions are omitted because an incorrect cable length was used at 7 m sites in 2004. 
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Figure 3. Mean (± se) biomass of eastern shovelnose stingaree in each region for years 2004–07 and 
2008–10.  
Note, 2004 data for shallow and west regions are omitted because an incorrect cable length was used at 7 m sites in 2004. 
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Figure 4. Mean (± se) biomass of sparsely spotted stingaree in each region for years 2004–07 and 2008–
10.  
Note, 2004 data for shallow and west regions are omitted because an incorrect cable length was used at 7 m sites in 2004. 
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Figure 5. Mean (± se) biomass of spiny gurnard in each region for years 2004–07 and 2008–-10.  
Note, 2004 data for shallow and west regions are omitted because an incorrect cable length was used at 7 m sites in 2004. 
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Figure 6. Mean weight (kg) per individual (± se) of eastern shovelnose stingaree in the west region for 
years 2005–2007 and 2008–2010. 
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Table 5. Mean (± se) biomass (kg/5 min tow) for seven fish species and total fish biomass in four 
regions of Port Phillip Bay between 2004 and 2010.   
 
Note:  
Variations in this table compared with DPI (2008) result from changes in net corrections applied to some species in 2007 and 
2008 
Species for which there was high statistical power to detect changes in population biomass and abundance were selected for 
this analysis (Emphron 2009). 
 
Region Rank Species Mean se Mean se Mean se Mean se Mean se Mean se Mean se
Shallow 1 Sand flathead ND 1.30 0.24 4.32 1.41 1.46 0.53 1.37 0.44 1.32 0.41 0.96 0.23
2 Globefish ND 21.65 3.88 27.68 6.37 41.05 8.91 14.33 3.63 24.67 5.69 26.79 6.47
3 Sparsely spotted stingaree ND 14.75 3.03 17.27 4.27 10.73 2.23 17.61 2.74 9.95 1.41 11.88 1.55
5 Eastern shovelnose stingaree ND 6.29 2.38 7.21 2.40 6.95 1.98 8.11 1.82 5.96 1.35 9.83 2.56
6 Snapper ND 21.43 7.21 10.29 4.46 1.29 0.62 1.60 1.04 4.00 1.92 4.55 2.11
7 Banjo ray ND 6.24 2.60 6.08 1.72 3.46 1.88 8.48 2.57 8.97 3.55 6.17 2.05
12 Spiny gurnard ND 0.25 0.07 0.16 0.05 0.12 0.06 0.27 0.12 0.24 0.12 0.17 0.06
Total ND 82.25 13.87 88.94 16.79 86.11 17.68 64.70 7.39 72.84 8.95 65.87 7.98
Intermediate 1 Sand flathead 6.88 1.02 8.91 2.23 7.74 2.76 3.70 0.56 5.39 1.03 2.35 0.49 2.70 0.54
2 Globefish 11.10 2.11 6.28 2.10 3.34 0.71 4.12 0.94 6.74 1.89 5.03 1.09 2.79 1.10
3 Sparsely spotted stingaree 9.67 2.16 8.52 1.20 6.50 1.74 5.30 0.77 7.87 1.92 8.30 1.94 3.90 1.71
5 Eastern shovelnose stingaree 3.04 0.81 4.82 1.47 2.54 0.62 4.83 1.26 5.35 0.97 3.68 0.75 3.71 1.12
6 Snapper 0.99 0.43 14.11 5.39 5.23 2.44 2.31 2.06 3.07 2.60 0.68 0.29 1.16 0.44
7 Banjo ray 11.76 3.52 5.47 1.35 3.66 0.94 3.88 1.21 3.88 1.26 5.34 1.16 4.12 1.61
12 Spiny gurnard 0.40 0.09 0.65 0.21 0.43 0.22 0.32 0.07 0.65 0.16 0.3 0.10 0.19 0.05
Total 81.08 10.92 73.10 10.73 39.51 8.38 39.09 5.32 47.44 7.48 36.77 5.15 30.97 6.54
Deep 1 Sand flathead 13.81 1.37 9.20 0.92 10.72 1.78 7.64 0.88 6.75 0.65 4.85 0.51 4.33 0.59
2 Globefish 0.66 0.18 2.96 1.60 1.21 0.56 0.56 0.18 1.55 0.75 2.65 0.88 0.77 0.25
3 Sparsely spotted stingaree 2.84 0.37 4.99 1.38 3.47 0.97 1.88 0.35 2.57 0.53 2.76 0.57 3.70 1.07
5 Eastern shovelnose stingaree 0.81 0.58 1.44 0.61 1.51 0.43 2.92 1.26 1.70 0.60 2.12 0.90 1.80 0.72
6 Snapper 2.68 0.85 10.77 1.72 6.00 1.23 5.03 2.51 0.39 0.16 2.52 0.55 4.19 0.61
7 Banjo ray 0.13 0.13 1.12 1.00 0.65 0.50 1.50 0.79 0.36 0.18 0.42 0.30 0.14 0.10
12 Spiny gurnard 0.33 0.06 0.22 0.04 0.32 0.12 0.39 0.08 0.34 0.08 0.29 0.06 0.30 0.06
Total 31.54 2.74 39.23 4.56 32.32 3.27 33.88 7.71 16.78 1.93 23.12 3.66 24.25 3.24
West 1 Sand flathead ND 2.01 0.34 2.33 0.63 1.54 0.55 1.20 0.24 2.78 0.32 1.13 0.61
2 Globefish ND 7.50 3.23 12.18 2.66 9.73 4.66 2.45 0.92 9.11 2.58 3.27 0.51
3 Sparsely spotted stingaree ND 7.70 2.41 7.58 1.02 5.40 2.90 2.79 0.52 6.20 2.27 2.21 1.68
5 Eastern shovelnose stingaree ND 4.45 1.90 8.05 2.04 7.38 3.48 1.34 0.62 2.31 0.77 2.47 0.34
6 Snapper ND 10.03 6.24 2.58 2.06 2.20 1.33 0.53 0.49 2.61 0.85 0.77 0.51
7 Banjo ray ND 2.48 2.18 7.48 3.24 6.70 3.42 2.41 1.00 0.95 0.95 0.59 0.36
12 Spiny gurnard ND 0.03 0.02 0.03 0.01 0.05 0.03 0.04 0.02 0.05 0.02 0.11 0.07
Total ND 53.78 13.23 60.48 11.53 63.31 17.83 21.11 5.47 37.44 3.66 15.62 4.48
2009 201020082004 2005 2006 2007
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Table 6. Analysis of covariance (ANCOVA) examining the effect of period (2004–07, and 2008–10) on 
the inter-annual trend (covariate = year) for sand flathead log10 (biomass + 0.01) and log10 (abundance + 
1) in intermediate and deep regions. 
Source SS df MS F-ratio P 
      
Intermediate       
Log10 (wt+0.01)      
Period 0.474 1 0.474 1.891 0.172 
Year 2.755 1 2.755 10.983 0.001 
Period*YearA 0.474 1 0.474 1.888 0.173 
Error 23.579 94 0.251   
Log10 (n+1)       
Period 0.127 1 0.127 0.628 0.430 
Year 1.592 1 1.592 7.84 0.006 
Period*YearA 0.127 1 0.127 0.626 0.431 
Error 19.09 94 0.203   
      
Deep      
Log10 (wt+0.01)      
Period 0.023 1 0.023 0.443 0.507 
Year 0.828 1 0.828 16.23 <0.001 
Period*YearA 0.023 1 0.023 0.443 0.507 
Error 5.509 108 0.051   
Log10 (n+1)      
Period 0.017 1 0.017 0.346 0.558 
Year 0.677 1 0.677 13.443 <0.001 
Period*YearA 0.017 1 0.017 0.346 0.558 
Error 5.439 108 0.050   
A Test for homogeneity of within-group regression slopes (H0 = equal slopes). Statistical interactions between the 
covariate year and the categorical variable period (i.e. period*year term) were not significant (P>0.05) indicating that 
regression slopes were equal for the periods 2004–07 and 2008–10. 
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Table 7. Retrospective analysis of changes in biomass [log10 (weight + 0.01) and abundance [log10 
(number + 1)] in shallow and west regions between the background period 2005–07 and reporting 
periods 2008, and 2008/09, respectively. Statistically significant values (P<0.05) are shown in bold. T-values indicate 
where values were higher (+) or lower (-) compared with 2005–07. 
Species Region Estimate SE df t P
2008 (biomass)
Eastern shovelnose stingaree shallow 0.406 0.293 56 1.25 0.215
west -0.957 0.403 14 -2.72 0.017
Sand flathead shallow -0.076 0.289 56 -0.8 0.430
west -0.135 0.409 14 -0.89 0.387
Sparsely-spotted stingaree shallow 0.525 0.293 56 1.01 0.317
west -0.353 0.462 14 -0.82 0.424
Spiny gurnard shallow 0.082 0.057 56 1.32 0.194
west 0.010 0.112 14 0.09 0.929
2008 (abundance) 
Eastern shovelnose stingaree shallow 0.267 0.324 56 0.37 0.716
west -0.767 0.372 14 -2.35 0.034
Sand flathead shallow -0.061 0.425 56 -0.75 0.459
west 0.122 0.529 14 -0.46 0.653
Sparsely-spotted stingaree shallow 0.504 0.314 56 0.79 0.433
west -0.250 0.594 14 -0.44 0.666
Spiny gurnard shallow 0.578 0.354 56 1.37 0.175
west 0.084 0.598 14 0.14 0.892
2008-09 (biomass)
Eastern shovelnose stingaree shallow 0.315 0.226 60 1.22 0.228
west -0.770 0.304 15 -3.01 0.009
Sand flathead shallow -0.089 0.221 60 -1.1 0.275
west 0.137 0.316 15 -0.33 0.750
Sparsely-spotted stingaree shallow 0.268 0.221 60 0.2 0.843
west -0.097 0.349 15 -0.35 0.728
Spiny gurnard shallow 0.066 0.048 60 1.24 0.221
west 0.013 0.084 15 0.15 0.883
2008-09 (abundance)
Eastern shovelnose stingaree shallow 0.137 0.246 60 -0.05 0.958
west -0.482 0.284 15 -2.11 0.052
Sand flathead shallow -0.068 0.324 60 -1 0.321
west 0.381 0.398 15 0.02 0.985
Sparsely-spotted stingaree shallow 0.206 0.238 60 -0.19 0.851
west 0.001 0.447 15 -0.03 0.978
Spiny gurnard shallow 0.352 0.283 60 0.92 0.359
west 0.153 0.449 15 0.34 0.741
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Figure 7. Long-term trends in log10 biomass of eastern shovelnose stingaree for the periods 1990–2007 
and 2008–2010 in four regions of PPB. A change point in 2000 and its associated probability is 
displayed on intermediate and deep plots. 
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Table 8. Probability of change in log10 (biomass) of eastern shovelnose stingaree following each year 
between 1990 and 2010 for each region in PPB. Probabilities displayed in Fig. 7 are shown in bold. 
Year Deep Intermediate Shallow West 
         
1990 0.051 0.029 0.004 0.005 
1991 0.326 0.045 0.004 0.009 
1992 0.06 0.059 0.013 0.015 
1993 0.054 0.332 0.01 0.006 
1994 0.114 0.077 0.034 0.007 
1995 0.084 0.055 0.008 0.012 
1996 0.048 0.04 0.004 0.02 
1997 0.044 0.045 0.004 0.009 
1999 0.062 0.081 0.005 0.007 
2000 0.813 0.481 0.004 0.006 
2002 0.095 0.049 0.004 0.009 
2003 0.062 0.149 0.006 0.008 
2004 0.07 0.128 0.023 0.006 
2005 0.088 0.04 0.011 0.007 
2006 0.137 0.081 0.006 0.009 
2007 0.05 0.038 0.005 0.057 
2008 0.042 0.032 0.003 0.007 
2009 0.039 0.029 0.005 0.005 
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Appendix 3 Data 
Raw data 
Data are provided with this report electronically 
in a MS Excel format.  
Data Files 
Electronic data files are as follows: 
CATCH.xls 
SHOT.xls 
CatchREADME.doc 
shotREADME.doc 
 
The latter two files detail the metadata for the 
above datasets. 
 
 
 
